In a supply chain system, products get damaged during shipping due to transportation hazards and poor packaging. The most common hazards in transportation include shocks, vibrations, accident, handling, etc. Damage from accidents and handling issues are not completely within the control of packaging. However, proper packaging can prevent most of the damage from shocks and vibration. The loss due to damage at each stage of the supply chain network can be reduced by selecting the appropriate packaging, transportation method and by shipping under assembled or unassembled condition. There is not much literature available in the area of goods damaged during shipping as applied to supply chain systems. A mathematical model which minimises the total costs (damage costs, shipping costs, and packaging costs) has been developed to address the issue of damage costs. The model is implemented in MATLAB. The mathematical models were verified by using total enumeration strategy. Case studies to illustrate and validate the procedure were developed and implemented in MATLAB.
Introduction
The expansion and globalisation of manufacturing has led to long supply chains. Supply chains have raised the need for preventing damage during transportation. With poor packaging, products may get damaged during transportation. This consequently leads to waste (Muda). Proper application of lean techniques should be applied to reduce this waste. One method of reducing waste is by using proper packaging. The type of packaging and method of transportation influences the amount of damage and type of damage. Proper or appropriate product packaging helps to ensure that the customers receive the product without any damage. The most common hazards in transportation include shocks, vibrations, accident, handling, etc. Damage from accidents and handling issues are not completely within the control of packaging. However, proper packaging can prevent most of the damage from shocks and vibration. Shocks occur during handling or transportation. For example, during the transportation of products in trucks, shocks might occur when the condition of the road is bad. Good packaging can ensure increased prevention of damage for the products and improve the efficiency for the whole supply chain system (manufacturing processes, logistics processes, supply chain relationships, and lost sales). Azzi et al. (2012) stated that "approximately 9% of the cost of any product is likely to be the cost of its packaging". There are some techniques available for monitoring transportation conditions to prevent packaging and products from damage. Shipping containers can be fitted with monitoring devices that can determine the conditions during shipping such as air temperature, humidity, air pressure, vibration and shocks.
The nature of products can also influence the type of damage. For instance, if there is a fragile product, it is easy to get damaged during transportation, especially if the package type is not appropriate for the product. Thus, products that are fragile may be shipped as individual components with appropriate packaging. A product that is sturdy may be assembled and shipped with minimal packaging. On the other hand, in some cases, it might be better to wrap individual components and package them together to prevent damages.
During each stage of the supply chain, there may be damages. The damage caused during shipping may be classified into three categories: 1 minor damage 2 repairable damage 3 severe damage.
In the case of minor damage, the product has physical damage but has retained the required functionality. Thus, in the case of minor damage the product may have dents and scratches on the surface, but has not lost any of its functionality. In the case of repairable damage, the product has physical damage that affects the required functionality. However, the product can be repaired by replacing some parts. In the case of severe damage, the product has physical damage which is severe enough that a repair option is not feasible. However, the product can be salvaged, as parts from the damaged product could be reused and some cost can be recovered while other parts may be scrapped.
There are different transportation methods available in a supply chain. Often multiple transportation methods are used within a single supply chain system. Truck transportation is the most popular method of transportation products because of shorter times and the ease and flexibility in transportation. However, transportation using trucks is often subject to higher shocks and vibrations. Transportation using ships is often the cheapest method. However it is limited to certain routes and typically cannot be used for shipping to the final destination.
The type of packaging can also cause changes in damage quantity. Özguven and Vursavus (2004) have identified several different types of packaging such as polystyrene soft cell tray, paper pulp tray, wood bin, bulk bin and corrugated fibreboard that are used to transport goods. Singh and Xu (1993) stated that up to 80% of apples may be damaged during shipping by truck. The amount of damage depends on the type of packaging, truck and position of cartons in which the apples are shipped.
Products can be shipped after final assembly. They can also be shipped as individual components which will require assembly at some point in the supply chain or at the final destination. Products can also be shipped in partially assembled condition. The types of damages and the costs of transportation will depend on whether the product is shipped in fully assembled condition, partially assembled condition, or as individual components. Products that are shipped in fully assembled condition may be subject to all three types of damages described earlier. In the case of products that are shipped as individual sub-components which require assembly, it is possible that any damage may lead to scrap. However, lean techniques that are used to maximise the performance and minimise the waste caused by product damage during transportation must be evaluated to determine the best possible options at the lowest cost.
The contents of the paper are organised as follows. In Section 2, a review of related literature on supply chain (SC) disruptions is conducted. In Section 3, a mathematical model to minimise the total cost is developed. Section 4 illustrates five case studies to demonstrate the effectiveness of the proposed model including results and analysis. Finally, conclusions and future work are given in Section 5.
Literature review
SC disruptions have received lots of attention in the last decade. Most supply chain disruptions that have been studied are ones that have a low probability of occurrence, such as Tsunami, earthquakes, etc. While these SC disruptions happen with low probability, the results are typically disastrous and lead to high costs. Azad and Davoudpour (2010) considered a facility with random disruption risk to design a reliable supply chain network (SCN). They considered the disputes in the distribution centres by the location and the capacity. They formulated the problem as a nonlinear integer programming model, and then linearised it to obtain the optimal solution. Moreover, numerous algorithms solved random disruption risks by using two different algorithms: tabu-search and simulated annealing algorithms for large sized cases; and got a better solution by using the tabu search algorithm. Additionally, transportation costs from reliable and unreliable distribution centres were considered in the model. Aryanezhad et al. (2012) designed SCN considering unreliable supplier and distribution centres. They found that the quantity of products delivered may decrease due to unreliable distribution centres. Also, they formulated the problem as a nonlinear integer program to minimise the total cost. The costs that they considered include cost of location, transportation, inventory and lost sales. Two approaches have been developed to solve the problem: Lagrangian relaxation and genetic algorithm. In their model, they determined the location of optimal distribution centres, the subset of customers to be served, assigned customers to distribution centres, and determined the order quantity. The authors assumed infinite capacity as well with one distribution centre to serve all the customers. Darwish et al. (2014) incorporated quality of items into two vendor managed inventory models by considering a single-vendor multi-retailer in supply chain system. The first model focused on developing a decentralised supply chain to maximise vendor's profit. The second model focused on a centralised supply chain system to maximise the system profit. Kristianto and Helo (2010) considered strategic safety stock allocation to manage the product development process to give more flexibility to the SC system. Also, Arshinder (2012) developed contracts for implementing and measuring SC flexibility when producing newsvendor type products. Hatefi and Razmi (2013) used integer programming with fuzzy objectives and assigned optimal order quantity for allocated suppliers as constraints in their model in order to perform supplier selection and determine order allocation. Jabbarzadeh et al. (2012) designed SCN based on the risk of disruption at facilities. Facilities can be disrupted by natural disaster, machine breakdowns, terrorism and wars. The authors proposed the problem as a mixed-integer nonlinear model to maximise the total profit for the supply chain system. Two methods have been developed to solve the problem: Lagrangian relaxation and Genetic algorithm. The authors used the Lagrangian relaxation to integrate the whole supply chain, and genetic algorithm to get the optimal solution for the model. Several researchers (Aryanezhad et al., 2012; Azad and Davoudpour, 2010; Jabbarzadeh et al., 2012) have assumed that random disruption risk can happen at any point in the network. Schmitt and Snyder (2012) examined unreliable suppliers who caused uncertain yield and supply chain disruption, and developed cost models to determine the optimal order quantity. Qi et al. (2010) used the concept of disruptions to develop an integrated SCN which can be used when suppliers and retailers are unreliable. They formulated the problem as a nonlinear integer programming model to minimise the total annual cost (containing fixed cost, inventory cost, transportation cost, and lost sales cost). Moreover, they integrated the model to decrease disruptions to retailers by determining the number of retailers that should be opened, location of retailers and the frequency and order size for each retailer. So, they assumed that suppliers and retailers have deterministic yield. Jaggi et al. (2012) developed a model to obtain the retailer's optimal lot size for inventory system. Wang et al. (2010) considered a model helping a firm to source from several suppliers to improve supplier reliability. Widodo et al. (2011) proposed three scenarios (lost sales, online facility return, and conventional store scenario) for managing sales return in dual sales channel. Yu et al. (2009) studied selection methods between a single source and dual source strategy to get more benefits when a supply chain disruption occurs. A more reliable supply chain is more expensive than an unreliable one because of the additional flexibility that a reliable supply chain will have. Tomlin (2006) assumed that the capacity constraint is the supplier, but a reliable supplier may possess volume flexibility. Tomlin proved that in special situations in which an unreliable supplier has infinite capacity and the reliable supplier has no flexibility, that the dual source is more efficient to meet multi-objective operations. Yu et al. (2009) explained that in dual source, the two suppliers offer different prices and reliability, because they are in different regions. Also, the authors captured the probability of supply chain disruption risk and formulated the expected profit functions (EPFs) with respect to supply chain disruption when the buying firms used both sources. Gomez-Padilla and Mishina (2013) developed models for option and capacity contracts for one retailer and one vendor SC system, and solve the problem by using simulation to compare both contracts. Cui et al. (2010) formulated the reliable facility location problem by using two models. First, a mixed integer programming (MIP) model was used to get the optimal facility location and assigned customer, which was solved by using the Lagrangian relaxation algorithm. Second, a continuum approximation (CA) model was developed to minimise setup and transportation costs for two scenarios: when a facility is reliable and unreliable. The CA model was used to calculate the expected total cost of the system and can be used to find close optimal solution. They designed the SCN to be reliable and cost efficient. The authors formulated the discrete model as a MIP model to minimise the total operating and failure cost. Ramírez et al. (2012) developed an approach for a two echelon supply chain (retailer, and supplier) in which the retailer faces stochastic demand, and the supplier is willing to meet their demand. The model minimises the cost for inventory and penalty costs. Alenezi and Darwish (2014) integrated location model with risk pooling and transportation problem. The authors proposed the problem as a large scale nonlinear MIP.
Based on previous literature, there is a need for addressing the quality of packaging and its impact on damage to products and parts during shipping. This research paper focuses on different models of loss that occurs during shipping. A methodology for determining the best routes and packaging types to ensure minimum total cost has been developed. The methodology is detailed using example cases.
General model
This section details the general formulation developed for modelling the problem. The objective function of this model minimises damage and shipping cost considering multiple routes, multiple products and multiple packaging types as shown in equation (1).
Indices i
Type of product (i ∈ I)
l Location (can be either at the supplier location or right before delivering to retailer). 
Parameter
Subject to
where
The objective function minimises the total cost. The first term of the objective function refers to the assembly cost, the second term refers to the damage cost, and the third term refers to the shipping cost. Constraint (2) ensures that the products are assembled either prior to shipping, or at any designated location while shipping. Constraints (3), (4) and (5) ensure that the terms can take on only binary values for assembly location, routes and packaging type respectively. Constraint (6) represents the non-negativity for the damage percentage. Constraint (7) ensures that the quantity shipped is more than the demand at each retailer. Equation (8) is used to compute the shipping cost. Equation (9) is used to compute the damage cost.
Case studies
In this section, three smaller case studies are first used to demonstrate the effectiveness of the proposed methodology. These smaller case studies are also used to verify the MATLAB code. In these case studies we compare and analyse three different scenarios.
The first scenario is to ship assembled products while the second scenario is to ship unassembled product as parts and then assemble them at the destination (before shipping to customers) and the third scenario is to ship assembled product by using different routes to deliver it. All cases show methods of minimising the cost of transportation and product damage by using different types of packaging and routes to ship different products. After the MATLAB code is verified for the smaller case studies, two larger case studies are also developed to show the effectiveness of the methodology.
Case study 1
In this case study, a company has three different products P 1 , P 2 , and P 3 and uses two types of packaging; Z 1 and Z 2 . The cost of using packaging type Z 1 for products P 1 , P 2 and P 3 are $30, $45 and $60 respectively. The cost of using packaging type Z 2 for products P 1 , P 2 and P 3 are $32, $47 and $62 respectively. In this study, the transportation cost depends on the type of transportation (airplane, truck, train and ship). Damage cost depends on the type of packaging. Figure 1 shows a transportation network that consists of four routes R 1 , R 2 , R 3 and R 4 . Table 1 describes the sequence of route paths taken for each route. Nodes 1, 2, 3 and 4 represent ports, and nodes 5, 6, 7 and 8 represent airports. Nodes S and J represent the supplier and retailer respectively. Each route has a different method of transportation, the associated distances and shipping costs as shown in Table 2 . Furthermore, the probability of damage for Z 1 and Z 2 packaging types are different for each shipping method and route. These are shown in Table 3 . 
Analysis and results
The model was formulated and solved using a total enumeration strategy and MATLAB. This case study was used to validate the optimisation code. Tables 4 and 5 illustrate the damage cost and minimum total cost for all products obtained using the total enumeration strategy. Figure 2 and Figure 3 show the damage cost for type Z 1 and Z 2 packaging respectively. Using the proposed model, the total minimum cost was obtained for all the products for all combinations of transportation methods and packaging types. Figure 4 shows the optimal total cost for all products by applying four different scenarios as shown in Table 6 . First, all combinations of routes (R) and packaging (Z) types were allowed to be used in determining the lowest cost. Thus, as a result of optimisation, product type P 1 used packaging type Z 2 and route R 2 ; product type P 2 used packaging type Z 1 and route R 1 ; and product type P 3 used packaging type Z 2 and route R 1 to result in an optimal cost of $383,996. If all products have to use the same packaging type and route, the lowest cost of $384,623 was obtained with route R 1 and packaging type Z 2 . If the constraints are relaxed to allow only one type of packaging while using any of the routes, the optimisation model resulted in selecting packaging type Z 2 for all products, and routes R 2 , R 1 , and R 1 for products P 1 , P 2 , and P 3 respectively with an optimal cost of $384,325. If the constraints are modified to allow only one route while relaxing the constraint for the type of packaging, the optimisation model resulted in selecting route R 1 for all products while using packaging type Z 1 for P 1 , and P 2 , and using packaging type Z 2 for P 3 with an optimal cost of $384,000. By applying the proposed model using MATLAB, the total minimum cost is obtained for all the products. The minimum total cost for P 1 is $128,486 when using route R 2 and selecting packaging type Z 2 . The minimum total cost for P 2 is $128,115 when using route R 1 and selecting packaging type Z 1 . The minimum total cost for P 3 is $127,395 when using route R 1 and selecting packaging type Z 2 as shown in Table 7 . The optimal solution obtained using the total enumeration strategy and MATLAB provided the same objective function cost. 
Case study 2
In the first case study, all products are assumed to be assembled at the supplier site and hence shipping was limited to assembled products. In case study 2, the products may be shipped in the unassembled or assembled condition. Also, this case study is similar to case study 1 and considers three different products P 1 , P 2 , and P 3 but uses only one type of packaging Z 1 . The transportation cost depends on the type of transportation (airplane, truck, train, and ship). Figure 1 shows a transportation network that consists of four routes R 1 , R 2 , R 3 , and R 4 and 8 nodes. Nodes 1, 2, 3, and 4 represent ports, while nodes 5, 6, 7, and 8 represent airports. Nodes S and J represent supplier and retailer respectively. The transportation cost depends on the type of transportation. Each route has a different method of transportation, and has associated distances, and shipping costs as shown in Table 2 . Tables 8 and 9 illustrate the labour cost, assembly cost, and damage probability for all products assembled prior to shipping and at the final destination. Similar to that in case study 1, both total enumeration and optimisation using MATLAB were conducted to validate the MATLAB code. 
Result and analysis
The model was formulated and solved using MATLAB. Tables 10 and 11 illustrate minimum total cost for all assembled products with assembly prior to shipping and assembly at the final destination respectively. Figure 5 and Figure 6 show the damage cost for all the products with products assembled prior to shipping and assembled at the final destination respectively. By applying the proposed model, the total minimum cost was obtained for all the products for all combinations of transportation methods. Figure 7 shows the optimal total cost for all products assembled prior to shipping and at the final destination by applying two different scenarios as shown in Table 12 . First, all combinations of routes (R) were allowed to be used in determining the lowest cost. Thus, as a result of optimisation, product types P 1 , P 2 and P 3 used route R 1 and were assembled prior to shipping to result in an optimal cost of $385,365. When the products were assembled at the final destination, product type P 1 used route R 1 , while product types P 2 and P 3 used route R 2 to result in an optimal cost of $ 406,637. If the constraints are modified, to allow only one route to be used for product assembled prior to shipping, the lowest cost of $385,365 is obtained when using R 1 for all products. If the constraints are modified to allow only one route for all the products assembled at the final destination, the optimisation resulted in selecting route R 2 for all the products and the optimal cost was $406,712. Table 13 illustrates the optimal total cost for all the products assembled prior to shipping and at the final destination by using MATLAB. The optimal solution obtained using the total enumeration strategy and MATLAB provided the same objective function cost. 
Case study 3
In case study 3, a company has three different products P 1 , P 2 and P 3 and uses two types of packaging Z 1 and Z 2 . The cost of using packaging type Z 1 for products P 1 , P 2 and P 3 are $30, $45 and $60 respectively. The cost of using packaging type Z 2 for products P 1 , P 2 and P 3 are $32, $47 and $62 respectively. In this study, the transportation cost depends on the type of transportation (airplane, truck, train, and ship). Damage cost depends on the type of packaging. In addition, the products using different paths to minimise the total cost. Figure 8 shows a transportation network that consists of 16 paths and ten nodes. Nodes SP 1 , SP 2 , SP 3 and SP 4 represent ports, nodes A 1 , A 2 , A 3 and A 4 represents airports. Nodes S and J represent the supplier and retailer respectively. Each path has a different method of transportation; the associated distances and shipping costs are as shown in Table 2 . Furthermore, the probabilities of damage for Z 1 and Z 2 packaging types are different for each path and are shown in Table 14 . 
Result and analysis
The model was formulated and solved using total enumeration strategy and MATLAB. Tables 15 and 16 illustrate the damage cost and minimum total cost for the two types of packaging Z 1 and Z 2 for all products using total enumeration strategy. Using the proposed model, the total minimum cost was obtained for all products for all combinations of paths and packaging types. Table 17 shows the optimal total cost for all products by applying four different scenarios. First, all combinations of path set (LS) and packaging (Z) types were allowed to be used in determining the lowest cost. Thus, as a result of optimisation, product type P 1 used packaging type Z 1 and path set LS 3 ; product type P 2 used packaging type Z 2 and path set LS 3 ; and product type P 3 used packaging type Z 1 and path set LS 3 to result in an optimal cost of $377,606.5. If all products had to use the same packaging type and path set, the lowest cost of $378,585 was obtained when using path set LS 3 and packaging type Z 1 . If the constraints are relaxed to allow only one type of packaging while using any of the path sets, the optimisation results in selecting packaging type Z 1 for all products, and path set LS 3 , LS 1 , and LS 3 for products P 1 , P 2 , and P 3 respectively with an optimal cost of $378,562. If the constraints are modified to allow only one path set while relaxing the type of packaging constraint, the optimisation model resulted in selecting path LS 3 for all products while using packaging type Z 1 for P 1 and P 3 ; and using packaging type Z 2 for P 2 with an optimal cost of $377,606. By applying the proposed model using MATLAB, the lowest total cost for P 1 is $125,610 with yield of 95.40%, packaging type as Z 1 and selected path (1-3-6-10). The minimum total cost for P 2 was $125,606.5 with a yield of 97.30%, packaging type as Z 2 , and selected path (1-3-6-10). The lowest total cost for P 3 was $126,390 with a yield of 96.8%, packaging type as Z 1 , and selected path as (1-3-6-10). Tables 18 and 19 illustrate the optimal total cost obtained from MATLAB. Figure 9 shows the optimal path for each product using MATLAB. The optimal solution obtained using total enumeration strategy and MATLAB gave the same result. 
Sensitivity analysis
The fundamentals of sensitivity analysis are to find the stability of the best solutions with potential adjustment in parameters (Poh and Ang, 1999) . Moreover, efficient solutions can be measured via sensitivity analysis, which could assist to reduce uncertainty in parameters and approaches (Triantaphyllou and Sanchez, 1997) . Therefore, sensitivity analysis is used to perform the ranking of the changes in parameters with respect to the weights of the primary goals that were proposed for decision making. Also, it provides the guidance for improving the solution, understanding the model, and reducing the output uncertainties.
From the results, the sensitivity analysis provides guidance for changing the total cost for each route when the damage percentage changed for any path. Table 20 illustrates the sensitivity results for each product with two different types of packaging Z 1 and Z 2 . For example, the original solution for P 1 , Z 2 was LS 2 with the total cost of $127,974. However, if the damage percentage of path number 8 was changed by 0.3%, LS 3 is found to be optimal with the total cost of $128,070. In the same context, changing the damage percentage of path number 1 by 0.06% and 0.13% for P 2 -Z 1 and P 3 -Z 2 respectively the respective optimal solutions are found as LS 3 with the total cost of $126,585 and LS 3 with the total cost $127,315.
Table 20
Results of sensitivity analysis 
Case study 4
In this case study, the company has 15 different products that are shipped to the final destination using 5 different paths. Figure 10 shows a transportation network that consists of 46 paths and 34 nodes. The associated distances between each node in the network are shown in Table 21 . Table 22 illustrates the cost for all the products. The demand for each product in this case study is assumed to be 1,000 units and the shipping cost is $0.02 per mile. Damage percentage for all products at each path is shown in Appendix (Table 28) . 
Analysis and results
The model was formulated and solved using MATLAB. Using the proposed model, the total minimum cost was obtained for all the products. The minimum total cost for P 1 was $15,260 with a yield of 86.8% and the path as 1-2-6-13-25-34 (Figure 11 ). The minimum total cost for P 2 was $21,080 with a yield of 85% and the path as 1-2-4-10-22-34. Table 23 illustrates the optimal total cost and the yield percentage for all the products using different paths. If the constraint is modified to allow only one path, the optimal cost for P 2 was $18,980 with the path as 1-2-6-13-25-34 and the yield as 78% (Table 24 ). 1-2-6-13-25-34 $30,140 57.0 P 2 1-2-4-10-22-34 $21,080 85.0 P 11 1-2-6-14-27-34 $49,500 58.0 P 3 1-2-5-12-24-34 $30,500 63.7 P 12 1-2-6-14-27-34 $43,470 66.3 P 4 1-2-6-13-25-34 $29,540 63.0 P 13 1-2-5-12-24-34 $40,660 60.1 P 5 1-2-4-10-22-34 $28,600 65.7 P 14 1-3-9-19-32-34 $46,940 68.4 P 6 1-2-6-14-26-34 $39,700 61.1 P 15 1-3-8-17-30-34 $54,580 53.3 P 7 1-2-6-13-25-34 $43,300 51.6 P 8 1-2-4-10-22-34 $29,300 73.2 P 9 1-2-6-14-26-34 $35,970 64.9
Table 25
Optimal cost and yield percentage with the best path (1-2-6-13-25-34) 
Case study 5
In this case study there are 30 different products and the same transportation network shown in Figure 10 is used to further test the consistency of the proposed model. Table 25 shows the product costs. The associated distances between each node in the network are shown in Table 21 . The demand for each product in this case is assumed to be 1,000 units and the shipping cost is $0.02 per mile. Damage percentage for all products at each arc is shown in Appendix (Table 29 and Table 30 ). 
Analysis and results
The model was formulated and solved using MATLAB. Using the proposed model, the total minimum cost was obtained for all the products. The minimum total cost for P 1 was $34,100 with a yield of 50.6% and the path as 1-2-4-10-22-34 ( Figure 12 ). The minimum total cost for P 2 was $27,680 with a yield of 68.4% and the path as 1-2-4-10-22-34. Table 26 illustrates the optimal total cost and yield percentage for all the products. If the constraint is modified to allow only one path, the optimal cost for P 3 was $47,400 with the path as 1-2-4-10-22-34 and the yield as 38.3% (Table 27 ). 
Conclusions
Supply chain routing selection has previously been based on minimising the total cost of shipping. However, focus in past research has been primarily on the shipping costs and did not consider the impact of packaging types and the damages that occur during shipping. This paper is the first attempt to select supply chain routes based on the efficiency of the packaging material and damages that occur during shipping due to the selection of the shipping route or packaging method. Products get damaged during shipping due to improper package selection or transportations hazards. Appropriate product packaging helps to ensure that customers receive the product without any damage. During each stage of the SCN, the amount of damages can be different. There are multiple transportation methods and packaging types for shipping products to the final destination. In this paper, a multi-objective model is proposed for minimising the total cost which includes cost of damage, shipping, and packaging by considering different transportation methods with its respective probability of damage, and different packaging types. Thus, this research provides management with a tool to further optimise costs and minimise damage during shipping. Three case studies were presented with different conditions including whether the products were shipped in assembled condition or as unassembled products. These case studies were used to validate the MATLAB code. Two larger case studies were also tested to validate the procedure. For the case studies shown in this paper, the analysis showed that shipping the unassembled products was more cost effective than shipping assembled products since unassembled products have low probability of damage. However, this may change with modifications in the parameters of the study. In future work, the model will be expanded to consider damage recovery approaches when using multiple stages of transportation into various scenarios.
Table 28
Damage percentage for case study 4
Arc Products P 1 P 2 P 3 P 4 P 5 P 6 P 7 P 8 P 9 P 10 P 11 P 12 P 13 P 14 P 15 
